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SPECIFICATION 

1. Title of the invention 

Soda recovery boiler 

2. Claims 

A soda recovery boiler, characterised in that a combustion chamber surrounded by a steam- 
cooled wail or a water-cooled wall formed by leading steam generated in the boiler or boiler 
water and isolated from the black liquor combustion gas is provided in a part of the soda recov- 
ery boiler or in a separate location, an oil burner or a gas burner is provided in this combustion 
chamber, a high-temperature superheater is arranged at the outlet of the combustion chamber, 
and by leading steam superheated by the black liquor combustion gas to this high-temperature 
superheater, superheated steam with a still higher temperature is produced by the combustion 
heat of oil or gas without the risk of causing abnormal corrosion to the superheater tubes. 

3. Detailed description of the invention 

This invention is related to a soda recovery boiler provided especially in paper mills. 

In a soda recovery boiler provided in a paper mill, the waste liquid generated in the pulp pro- 
duction process, i.e. black liquor, is used as fuel, and since the said black liquor contains large 
amounts of chemicals used in the pulp production process, the combustion gas of the said black 
liquor and the ash contained in the said gas contain large amounts of corrosive constituents, 
they corrode boiler tubes heavily during the boiler operation. The said corrosion is the heavier 
the higher the temperature of the metal of the tubes is, and occurs especially heavily in the su- 
perheater tubes where the metal temperature is highest in the boiler. 

A typical example of conventional soda recovery boilers where black liquor is used as fuel is 
explained by referring to Fig, 1, wherein the boiler supply water heated in a fuel economizer (a) 
is led through a fuel economizer outlet connection tube (b) to a steam drum (c), the water in the 
said drum descends through boiler water tubes (d) and enters into a water drum (e), then part of 
the water in the said water drum ascends through the said boiler water tubes and becomes a gas- 
water mixture, enters again into the said steam drum, and all the rest of the water is led through 
a descending tube (f) into a tube end (g) of the bottom part of a furnace, and while the water of 
the said furnace bottom tube end receives heat from the furnace (h), it ascends through a fur- 
nace evaporator tube (n) becoming a gas-water mixture, and is then led into the said steam 
drum. 

This gas-water mixture is separated into steam and water by a gas-water separator inside the 
said steam drum, and only the said steam is led through a saturated steam connection tube (o) 
into a superheater to be described later, the steam temperature is gradually increased while it 
passes through a screen superheater (p), a primary superheater (q), a secondary superheater (r), 
a tertiary superheater (s) and a quaternary superheater (t), and from the outlet of the said qua- 
ternary superheater, the steam that has reached the set temperature is led through a main steam 
tube (u) into a turbine. 

To explain the combustion, of black liquor, the black liquor injected into the furnace by a black 
liquor burner (i) accumulates in the bottom part of the furnace as a char bed which is burned 
by injecting 80-90 % of the total air from primary air nozzles (k) and tertiary air nozzles (1) into 
it, and by injecting the remaining 10-20 % of air from secondary air nozzles (m) above it, the 
uncombusted substance contained in the combustion gas is burned completely, and the high- 
temperature combustion gas leaving the furnace flows in the arrow direction shown in Fig. 1, 
and while the gas carries out heat exchange with the said screen superheater, primary superhea- 
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ter, secondary superheater, tertiary superheater, quaternary superheater, boiler water tubes and 
fuel economizer, its temperature decreases and it reaches the boiler outlet duct (v). 

However, the above-described conventional soda recovery boiler has the problems that in order 
to suppress the said corrosion phenomenon, the steam temperature at the outlet of the superhea- 
ter is limited to maximum 450-500°C, but from the recent points of view of saving resources 
and energy, it is strongly required to improve the efficiency of plants, and therefore the tem- 
perature and pressure of the boiler must necessarily be increased, but if the steam temperature 
is increased from that described above, the corrosion becomes a step more violent, and for re- 
placing superheater tubes with a wall thickness decreased by corrosion, the boiler must be 
stopped frequently, which has a large adverse effect on the operation of the paper milL 

This invention is based on such present conditions, and has the objective of providing a soda 
recovery boiler that solves the problems of the prior boiler so that steam is heated by the black 
liquor combustion gas to a temperature region with no risk of corrosion, and then the said steam 
is further superheated into a higher temperature in a high-temperature superheater by means of 
combustion gases of oil or gas having a lower corrosivity than the black liquor combustion gas. 

Next, an embodiment of this invention is explained by referring to the attached Fig. 2, showing 
a furnace (h) with an oil or gas combustion chamber (12) provided in its top part, separated by 
bulkhead evaporation tubes (3), i.e. a water-cooled wall with a welded wall construction, pro- 
vided with a rather smail-capacity oil or gas burner (6) necessary for increasing the steam tem- 
perature to the set value, a high-temperature superheater (9) being arranged at the outlet of the 
said combustion chamber, the steam heated to 400-500°C by the black liquor is led into it, and 
the said gas is heated in the said superheater to a higher set temperature, and to describe the 
flows of the said steam, water and combustion gas in detail, part of the boiler water is led from 
a water drum (e) through a distribution tube (1) into the bulkhead inlet tube end (2), and while 
receiving heat by passing through the bulkhead evaporator tubes (3), it ascends and becomes a 
gas-water mixture, enters into the bulkhead outlet tube end (y), and further through a bulkhead 
rising tube (5) into a steam drum (c). 

After this, saturated steam is led from the said steam drum through a saturated steam connec- 
tion tube (o) into a primary superheater (q), then it is successively heated by the black liquor 
combustion gas while passing through a secondary superheater (r) and a tertiary superheater (s), 
and when it has reached 400-500°C, it is led through a high-temperature superheater inlet con- 
nection tube (7) into the inlet tube end (8) of a high-temperature superheater, and after it has 
been heated to a still higher set temperature by the said high-temperature superheater placed in 
the top part of the said oil or gas combustion chamber, it goes to the high-temperature superhea- 
ter outlet tube end (10) and is led through a main steam tube (1 1) into a turbine. 

In the said oil or gas combustion chamber, combustion is carried out by injecting both fuel and 
air at the same time from an oil or gas burner (6), and while the combustion gas carries out heat 
exchange with the said bulkhead evaporator tubes and the high-temperature superheater, it 
flows as shown by arrows in Fig. 2 through the top part (screen part) of the said bulkhead 
evaporator tubes and joins the flow of the black liquor combustion gas. 

Part of the water-cooled wall, consisting of the bulkhead evaporator tubes (3) and forming the 
said oil or gas combustion chamber, is provided with refractories (13) so that the heat absorp- 
tion in this part is made small and the heat generated by the said oil or gas burner is passed as 
effectively as possible to the said high-temperature superheater. 

Next another embodiment of this invention is explained by referring to Fig, 3, wherein an oil or 
gas combustion chamber (24) surrounded by steam-cooled wall tubes (23) cooled by saturated 
steam led from a steam drum (c) is provided, a rather small-capacity oil or gas burner (25) nec- 
essary for increasing the steam temperature is provided in the said combustion chamber, a high- 
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temperature superheater (30) and a reheater (35) are provided in its top part, the steam super- 
heated to 400-500°C by the black liquor combustion is led to the said high-temperature super- 
heater and heated further to the set higher temperature, the steam from a high-pressure turbine 
is again superheated by the said reheater and sent to a low-pressure turbine, and to describe the 
flows of the said steam and combustion gases in detail, saturated steam from a steam drum (c) 
is led through a saturated steam connection tube (21) into the inlet tube end (22) of a steam- 
cooled wall, it passes the said steam-cooled wall tubes, ascends while receiving heat and enters 
into the outlet tube end (26) of the steam-cooled wall, is further led through a primary superhea- 
ter inlet connection tube (27) into a primary superheater (q), is then consecutively superheated 
by the black liquor combustion gas by passing through a secondary superheater (r) and a terti- 
ary superheater (s), and when the steam temperature has reached 4GG~5G0°C, it is lead through a 
high-temperature superheater inlet connection tube (28) to the inlet tube end (29) of the high- 
temperature superheater, then superheated to the set higher temperature by the high-temperature 
superheater (30) provided in the top part of the said oil or gas combustion chamber, and then 
enters into the outlet tube end (31) of the high-temperature superheater and is led through a 
main steam tube (32) into a high-pressure turbine. 

After leaving the said turbine, the steam is led through a low-temperature reheating steam tube 
(33) into the inlet tube end (34) of the reheater, is again superheated to a high temperature by 
the reheater (35), then enters into the outlet tube end (36) of the reheater and is led through a 
high-temperature reheated steam tube (37) into a low-pressure turbine. 

Combustion is carried out in the said oil or gas combustion chamber by injecting fuel and air at 
the same time from an oil or gas burner (25), and while carrying out heat exchange with the 
said steam-cooled wall tubes, high-temperature superheater and reheater, the combustion gas 
flows as shown by arrows in Fig. 3, passes through the screen in the top part and joins the flow 
of the black liquor combustion gas. 

Thus, according to this invention, steam is heated by the black liquor combustion gas until a 
temperature where there is no risk of corrosion, after which the said steam is led into a high- 
temperature superheater wherein it is further superheated to a higher temperature by the com- 
bustion gas of oil or gas having a lower corrosivity than the black liquor combustion gas, and 
therefore the steam temperature at the superheater outlet is increased until 540~570°C, about 
equal to that of a normal electric power plant, and by further providing a reheater, the effi- 
ciency of the plant can be increased considerably, and since the increasing of the steam tem- 
perature by the black liquor combustion gas is limited to a temperature region where there is no 
risk of corrosion, the replacement of superheater tubes due to wall thickness decreased by cor- 
rosion as in the prior art becomes practically unnecessary, the operability of the paper mill can 
be greatly improved etc., and thus the industrial value of this invention is extremely high. 

4. Brief description of figures 

Fig. 1 is a vertical cross-section view of a conventional soda recovery boiler, Fig. 2 is a vertical 
cross-section view of an embodiment of this invention, and Fig. 3 is a vertical cross-section 
view of another embodiment of this invention. 

(h) - furnace, (i) - black liquor burner, (3) - bulkhead evaporator tube, (6) - oil or gas burner, 
(9) - high-temperature superheater, (12) - oil or gas combustion chamber, (23) - steam-cooled 
wall tube, (24) - oil or gas combustion chamber, (25) - oil or gas burner, (30) - high-tempera- 
ture superheater, (35) - reheater. 
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Fig. 3 




